assay was performed as follows. First, the thiol containing compound (polymer or mercaptoethanol) was dissolved in 0.8 M phosphate buffer (NaH2PO4 and Na2HPO4), then a 1 M NaBH4 (in 0.01 M NaOH) was added. After 1 h of incubation at rt, 1 M HCl was added during which a strong bubble formation was observed. The solution was incubated for 30 min followed by the addition of 0.8 M phosphate buffer and Ellman's reagent. The samples were then analyzed via UV absorption at 412 nm. The synthesis of 3-formyl-N -(2-mercaptoethyl)-2,2-dimethylthiazolidine-4-carboxamide (FTz4Cys) is a three step synthesis starting with 2,2-Dimethylthiazolidine-4-carboxylic acid (Tz4CA) which was synthesized according to Woodward et al. 1 The second step involving the formylation of the amine leading to 2,2-dimethylthiazolidin-3-(N-formyl)-4-carboxylic acid (FTz4CA) 2 and the following final step was performed according to Kuhlmann et The three step synthesis of 2-(3-Butenyl)-2-oxazoline (ButEnOx) was performed according to Gress et al. 5 A slight adjustment was made as follows. After ring closure in methanol at 80 °C in the final synthesis step, the solvent methanol was evaporated. The monomer was redissolved in dichloromethane and washed 5 times with dist. water. The solution was then dried over MgSO4 and the solvent was evaporated. After this cleaning step, the monomer was fractionally distilled at 3·10 -3 mbar at 45 °C. The commercially available monomers 2-Methyl-2-oxazoline (MeOx) and 2-Ethyl-2-oxazoline (EtOx) as well as the synthesized ButEnOx were dried and distilled over CaH2 prior to polymerization.
UV absorption and fluorescence

Synthesis of 2-(3-Butenyl)-2-oxazoline
Copolymer synthesis
The random copolymers were synthesized by microwave heating known from literature. [5] [6] [7] In short, the initiator methyl p-toluenesulfonate was weighed in a microwave vial under dry and inert conditions in the glovebox. The appropriate molar amount of either MeOx or EtOx and ButEnOx was added and diluted with acetonitrile (concentration of monomers = 4 M).
The solution was placed in the microwave synthesizer at 100 °C for 2 h and afterwards quenched with 3 eq. of piperidine at room temperature for 12 h. A small volume of chloroform, or chloroform/methanol (1:1 v/v) for polymers containing MeOx, was added and the polymer was precipitated in ice-cold diethyl ether. The solvent was evaporated and a white powder was received. The thiol functionalization is a two step synthesis starting by the addition of thioacetic acid to the butenyl side chain followed by the deprotection of the thioester.
Thiol functionalization of POx copolymers
The copolymer was dissolved in methanol and flushed with argon for 15 minutes.
Afterwards, 3.5 eq. of thioacetic acid per vinyl functionality of the copolymer and 0.5 eq. of the UV-light initiator DMPA were added to the solution. The reaction mixture was stirred for 0.5 h under UV light (λ = 365 nm, UV LED-cubes, Polymerschmiede, Aachen). The solvent was evaporated under reduced pressure and the polymer was precipitated from chloroform for 3 times into ice-cold diethyl ether. After removal of residual solvent, the intermediate product was received as a white powder.
The deprotection of the thioester was accomplished by reacting 1.5 eq. of cysteine and 3 eq.
of NaBH4 per vinyl functionality in methanol under dry and oxygen-free conditions over night. The polymer and the cysteine were dissolved in methanol in separate flame-dried Schlenk flasks. After argon had been bubbled through the solutions for 15 min, NaBH4 was added to the cysteine solution under strong gas formation and a white precipitate formed.
The polymer solution was added to the cysteine solution and stirred over night. A white precipitate formed which was filtered off and the solution was reduced to a small volume under reduced pressure. The polymer was then precipitated from this small volume in icecold diethyl ether. After removing all solvents under reduced pressure, the polymer was redissolved in water and 1 eq. of TCEP per vinyl unit was added and stirred for 2 h. The polymer was cleaned via dialysis (dialysis membrane Spectra/Por ® , Carl Roth, MWCO 3.5 kDa) against degassed ultrapure water for 3 days with frequent water changes. PEtOx-co-SH20 had to be dialyzed in an ice-bath due to its low cloud-point. After freeze-drying, the polymer was received as a white powder in ~50 % yield. 
Functionalization of P(MeOx-co-ButEnOx) with FTZ4Cys
Fig. S26 Synthesis scheme of cysteine side-functionalized P(MeOx-co-ButEnOx).
The procedure to synthesize cysteine side-functionalized from the starting polymer P(MeOxco-ButEnOx) has already been described in detail by Schmitz et al. 4 The cleaning procedure of the polymer was modified as disulfide formation between the cysteine thiols was observed during dialysis against 0.01 M acetic acid, especially for higher degrees of functionalization. Hence, TCEP (1 eq. per functional cysteine group) was added after the hydrolysis and the solution was stirred for 2 h under neutral conditions before it was dialyzed (dialysis membrane Spectra/Por ® , Carl Roth, MWCO 1 kDa) for 3 days against degassed water. Afterwards, the polymer was freeze-dried and a white powder was received with a yield of ~50 %.
The copolymer P(EtOx-co-ButEnOx) with a mol % of ButEnOx higher than 10 % could not be functionalized with FTz4Cys as the deprotection step involves temperatures of 70 °C which is far above the cloud point of the polymer. Hence, no series of different functionality degrees could be synthesized.
All cysteine side-functionalized copolymers did not display a cloud temperature below 85.5 °C. All P(MeOx-co-ButOxCys) were only soluble in water and it was tried to measure GPC with water as eluent. However, we will not show any data as the polymer interacted very strongly with the column material and no molecular weight could be determined. 
Cellcompatibility tests
Cell Culture Materials: Mouse fibroblasts (L 929 CC1) were cultured in Dulbecco's Modified Eagle Medium (DMEM, Life Technologies) contained 10% fetal bovine serum (Sigma-Aldrich) in the presence of 1 % Penicillin-Streptomicin (ThermoFisher-Scientific).
Cytotoxicity test of the copolymers
Cytotoxicity was determined via the CellTiter-Glo Luminescent Cell Viability Assay (Promega Corporation, Madison, WI, USA). The assay reagent produces luminescence in the presence of ATP from viable cells. Mouse fibroblasts were cultivated in a T75 cell culture bottle (BD Falcon) in cell culture medium at 37 °C and 5 % CO2. The cells were washed two times with 1xPBS and detached with 1 mL Accutase (Sigma-Aldrich) for 5 min. The detached cells were suspended in 10 mL cell medium to inactivate the accutase and for dilution. The cell number was determined and the concentration was diluted to 50 000 cells/mL. 500 µL of the cell suspension was seeded per well in a 48 well plate and cultivated for 24 h at 37 °C/5 % CO2.
All polymer combinations, except for PEtOx-co-SH20 due to the low cloud point, were tested. A 15 mg/mL stock solution of each polymer in cell media was prepared and diluted to concentrations 5 mg/ml, 1 mg/mL and 0.1 mg/mL. The polymer eluate and controls were tested in fourfold. The supernatant was carefully sucked away and 0.5 mL of the appropriate eluate was added. The cells were incubated for 48 h at 37 °C/5 % with the eluate. As negative control, polystyrene (Nunc, ThermoFisher Scientific) was used and fresh media was added. As positive control, the eluate of 1 mL per 1.25 cm 2 of a Vekoplan KT PVC plate (König GmbH, Wendelstein, Germany), eluated for 24 h, was used. The well plates as well as the assay reagent were tempered at room temperature for 30 min before the assay. The needed volume of the reagent was diluted in a 1:1 ratio with media. The media supernatant was carefully sucked away and 0.5 mL of the diluted assay reagent was added. The blank was the diluted assay reagent. The well plates were mixed on an orbital shaker for 2 min and incubated for 10 min at rt to stabilize the luminescence signal. Of each well, 2x0.2 mL were pipetted into a white 96 well plate to measure duplicates. The luminescence was measured on a Tecan Spark® 20 M multimode microplate reader from Tecan Group Ltd. (Männedorf, Swiss). The cell viability was referenced to polystyrene (100 % viability).
Cytotoxicity of hydrogels in direct cell contact
To determine cell proliferation, a WST Assay was used (WST-1 reagent by Roche purchased from Sigma-Aldrich). Hydrogels (15 wt%) were prepared in triplicates under sterile conditions in PBS in silicon molds with a diameter of 6 mm and a height of 1 mm (volume = 30 µL) and UV cross-linked for 10 min. Mouse fibroblasts were cultivated as described for the copolymer cytotoxicity test. The cell number was determined, and the concentration was diluted to 40 000 cells/mL (approximately 18000 cells/cm 2 ). 500 µL of the cell suspension was seeded per well in a 48 well plate and cultivated for 24 h at 37 °C/5 % CO2. After 24 h, the media supernatant was sucked away and the hydrogel specimen was placed on the top of the cells in the middle of the well. New media was added and the hydrogels were incubated for 7 days, with cell culture media change after 3 days. For the cell proliferation test, the WST reagent was diluted 1:10 with cell culture media. The hydrogels were removed from the well and the cell culture media was sucked away. 0.5 mL of the diluted WST reagent was added per well and afterwards incubated for 30 min at 37 °C. Two times 0.2 mL of each hydrogel well was pipetted into a 96 well plate so that each well was measured in duplicates. The absorption was measured on a Tecan Spark® 20 M multimode microplate reader from Tecan Group Ltd. (Männedorf, Swiss) at a wavelength of 450 nm and a reference wavelength at 620 nm was subtracted. As positive control, the eluate of 1 mL per 1.25 cm 2 of a Vekoplan KT PVC plate (König GmbH, Wendelstein, Germany), eluated for 24 h, was used. As negative control, polystyrene and 2 wt% agarose hydrogels were used, to which cell viability was referenced to exclude any effect caused by the hydrogel covering the cells. 
Model reaction of Cysteine methyl ester/mercaptoethanol with butenoic acid
A deuterated phosphate buffer was prepared in D2O. L-Cysteine methyl ester (3.49 mg, 44.7 µmol) or mercaptoethanol (7.68 mg, 44.7 µmol) were mixed with 3-butenoic acid (3.85 mg, 44.7 µmol) in 1 mL of deuterated PBS buffer. The pH was measured and if needed adjusted to the intended pH with deuterated NaOH or HCl. 10 µL of an Irgacure 2959 solution (0.044 g/mL) was added and the solution was irradiated for 30 min with LED UV cubes. Afterwards, the solution was analyzed via 1 H NMR and the conversion was determined via the signal intensity of the alkene groups of butenoic acid.
Influence of the cysteine group on cross-linking behavior
The fact that no stable hydrogels could be formed with 10 mol% cysteine and a relatively low gel fraction of the hydrogel formed with 20 % cysteine (gel fraction = 68 %) indicates that the close proximity of the primary amino group and the thiol group of the cysteine interferes with the thiol-ene reaction. The effect of different functional groups on the thiol-ene reaction under biological relevant conditions has been extensively studied by Colak et al. 8 They examined carboxylic acid, alkene, ester, alcohol and amine groups in the close neighborhood of the thiol and found that the molecular environment and the pH play an important role for the reaction efficiency. The latter is quite logic as the thiol radical cannot be formed if the thiol is deprotonated. They also tested two peptides with a terminal cysteine and used 1 H NMR spectroscopy to quantify that the conversion was only around 60 % at neutral pH. These results corroborated with their findings of the reaction efficiency of the small molecule cysteamine, where the reaction efficiency dropped dramatically when the pH was increased above pH 7. We believe that the same effect hinders complete crosslinking in our hydrogel system. In order to study this effect, cysteine methyl ester was chosen as a small model molecule to investigate the cross-linking efficiency at different pH. In addition, a pH titration curve was measured (see Fig. S 34) , which showed that the pH range in which the cysteine functionality 
LCST type behavior of HGEt20
We assessed if the hydrogel exhibits the same Type I LCST behavior as it was observed for PEtOx hydrogels synthesized by radical network formation by Christova et al. 9 For this purpose, the weight of the hydrogel with the strongest thermo-responsive behavior, HGEt20, was weighed over a temperature range starting from 10 °C, referencing the weight at 5 °C as m0. Fig. S 35 shows the gradual and continuous deswelling with each temperature increase comparable to the pure poly(2-ethyl-2-oxazoline) (PEtOx) hydrogel. 9 This indicates that this hydrogel system also underlies a Type I LCST behavior. Volume change of hydrogels 
Flory-Rehner analysis
The determination of the mesh size by Flory-Rehner analysis was adapted by Dargaville et al. 10 Example calculation for HGMe10: Dry mass (wd) = 5.37 mg; equilibrium swelling mass (ws): To determine the polymer volume fraction in the swollen state (ν2,s) the density of poly(2-ethyl-2-oxazoline) 1.14 g/mL was used as an approximation to the copolymers used for this hydrogel. The density of water is 1.008 g/mL, so that ν2,s can be calculated as follows: 
Solid-state NMR of thiol-ene cross-linked hydrogels
In addition, 13 C solid-state NMR spectra were recorded by direct excitation (DE) choosing the delay between the scans to be very short. This acts as a filter for units with large T1 relaxation times and thus, only mobile parts of the molecule appear in the resulting spectrum. As expected, the groups from the chains in the original polymers show highest mobility. Also, the vinyl functional polymer shows less mobility than the thiol functionalized 
